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Abstract

Aims Mid-range ejection fraction is a new entity of heart failure (HF) with undetermined prognosis till now. In our
systematic review and meta-analysis, we assess the mortality and hospitalization rates in mid-range ejection fraction HF
(HFmrEF) and compare them with those of reduced ejection fraction heart failure (HFrEF) and preserved ejection fraction
HF (HFpEF).
Methods and results We conducted our search in March 2018 in the following databases for relevant articles: PubMed,
CENTRAL, Google Scholar,Web of Science, Scopus, NYAM, SIEGLE, GHL, VHL, and POPLINE. Our primary endpoint was assessing
all-cause mortality and all-cause hospital re-admission rates in HFmrEF in comparison with HFrEF and HFpEF. Secondary
endpoints were the possible causes of death and hospital re-admission. Twenty-five articles were included in our
meta-analysis with a total of 606 762 adult cardiac patients. Our meta-analysis showed that HFmrEF had a lower rate of
all-cause death than had HFrEF [relative risk (RR), 0.9; 95% confidence interval (CI), 0.85–0.94]. HFpEF showed a higher rate
of cardiac mortality than did HFmrEF (RR, 1.09; 95% CI, 1.02–1.16). Also, HFrEF had a higher rate of non-cardiac mortality than
had HFmrEF (RR, 1.31; 95% CI, 1.22–1.41).
Conclusions We detected a significant difference between HFrEF and HFmrEF regarding all-cause death, and non-cardiac
death, while HFpEF differed significantly from HFmrEF regarding cardiac death.

Keywords Heart failure with mid-range ejection fraction; Mortality; Hospitalization; Meta-analysis

Received: 20 December 2017; Accepted: 30 July 2018
*Correspondence to: Saif Altaie, Department of Internal Medicine, University of Texas Medical Branch, 301 University Boulevard, Galveston, TX 77555, USA.
Tel: +15084147949. Email: saif.altaie@gmail.com, skaltaie@utmb.edu

Introduction

Left ventricular ejection fraction (LVEF) has long been used in
the stratification of patients with HF, although it is not an
ideal parameter owing to its relative subjectivity. The lack of
evidence supporting the use of other parameters such as
myocardial deformation imaging made LVEF widely accepted
for stratifying HF patients.1

Considering LVEF, there are three types of heart failure
(HF); the largest is the reduced ejection fraction (HFrEF)
(EF < 40%), which is widely distributed, and the smallest is
the preserved ejection fraction (HFpEF) (EF > 50%).2 Al-
though HFpEF was considered in the literature only two de-
cades ago, it proved that almost half of HF patients fall in
this category with an expected rise in the future.3 Between
these two types, there is the mid-range ejection fraction

(HFmrEF) (EF 40–49%), which is considered as a grey zone ac-
cording to the European Society of Cardiology guidelines.2,4

Although few studies described HFmrEF prevalence in
comparison with that of other HF types, HFmrEF proved to
have intermediate clinical picture, haemodynamics, labora-
tory findings, and echocardiographic data between the other
two types.1,5–7

In 2017 and depending on a registry report, the mortality
rates of HFmrEF, HFrEF, and HFpEF were reported8; however,
a stronger evidence is needed to estimate the rate difference.

In our meta-analysis, we measured all-cause mortality,
cardiac mortality, non-cardiac mortality, all-cause hospitaliza-
tion, and HF-related hospitalization in HFmrEF in comparison
with HFrEF and HFpEF to better understand the differences
between the three subgroups and to determine the features
of HFmrEF.
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Methods

The study is written according to the guidelines and recom-
mendations in the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement.9 No pub-
lished protocol for this systematic review and meta-analysis
exists.

Literature search strategy

We conducted a systematic search in PubMed, CENTRAL, Goo-
gle Scholar,Web of Science, Scopus, NYAM, SIEGLE, GHL, VHL,
and POPLINE using the terms mid-range ejection fraction
heart failure, mid-range ejection fraction heart failure,
borderline ejection fraction heart failure, HFmrEF, prognosis,
mortality, death, and re-admission. We conducted this search
in December 2017, and it was updated in March 2018.

Study selection

Studies were eligible if (i) they aimed at defining the progno-
sis of HFmrEF in terms of mortality and hospitalization,
(ii) they included patients (adult men or women) aged
>18 years old with no restriction to the date of publication,
and (iii) the studies defined HF subtypes according to the
European Society of Cardiology guidelines (HFrEF as <40%,
HFmrEF as 40–49%, and HFpEF as ≥50%).2,4 We did not
include studies not restricting to this guideline for fear of data
overlap between the HF subtypes.Reviews, comments,
duplicated publications, non-English articles, articles with
unreliable data extraction, and pooling analyses of original
studies were excluded. After including the eligible articles,
we manually searched the reference lists of these studies for
relevant articles.

Data extraction and quality assessment

The following data were extracted: (i) study characteristics
like study title, year of publication, study design, country of
study, inclusion criteria of the patients, total sample size,
number of patients in each category of HF, their ages, and
their gender male percentage; and (ii) criteria of the study
outcomes like all-cause mortality, cardiac mortality, non-
cardiac mortality, all-cause hospitalization, and HF-related
hospitalization.

The methodological quality of included studies was
appraised using National Institutes of Health (NIH) Quality
Assessment Tool for Observational Cohort and Cross-
Sectional Studies.10 The score consists of 14 questions cover-
ing the assessment of the study methodology. A study was
given one or zero points according to its fulfilment of the

conditions. The total score was 14 points, and a study with
a score ≥ 10 points was considered of high quality.

Statistical analysis

The study measures included all-cause mortality, cardiac mor-
tality, non-cardiac mortality, all-cause hospitalization, and HF-
related hospitalization.

All statistical analyses were performed with the REVMAN
software (version 5.3; Cochrane Collaboration, Oxford, UK).
The Mantel–Haenszel method was used to calculate
estimates, confidence intervals (CIs), and P values. Statistical
heterogeneity was tested with the I2 statistic, with I2 ≤ 50%
indicating no significant heterogeneity.11 In case of significant
heterogeneity, a random effect model was used, while a fixed
effect model was used in case of no significant heterogeneity.
Relative risk (RR) was calculated from raw published study
data, and all outcomes were reported with a 95% CI. For
the χ2 test, a P value < 0.05 was considered statistically
significant.

Results

Search results

As shown in Figure 1, we identified 299 records in the prelim-
inary search. After scanning the titles or abstracts and remov-
ing the duplicates, we excluded 238 articles. The remaining
61 publications underwent full-text screening, of which 42
failed to meet the inclusion criteria and were removed. On
data extraction, 23 articles were excluded. On manual
searching of the reference lists of the remaining 19 articles,
we found another six articles to include. Finally, 25 articles
were included in the final data analysis.3,8,12–34

Study characteristics

As shown in Table 1, the set of eligible studies consists of 10
prospective cohort studies and 15 retrospective studies with
a total of 606 762 patients. The included studies were pub-
lished from 2001 to 2018. The period of follow-up ranged
from 1 month to 5 years, and the most common adjusted var-
iables were age and sex. Regarding the quality of the studies,
the NIH scores ranged from 9 to 13 with a mean of 11.2, sug-
gesting the presence of high methodological quality.

All-cause death

As shown in Figure 2, HFmrEF had a significantly lower all-
cause death rate than had HFrEF (RR, 0.9; 95% CI, 0.85–
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0.94; P < 0.001). On the other hand, there was no significant
difference between HFpEF and HFmrEF (RR, 0.98; 95% CI,
0.86–1.12; P = 0.82). Both analyses detected high levels of
heterogeneity (I2 = 84% and I2 = 98%).

Cardiac and non-cardiac mortality rates

As shown in Figure 3, the pooled analyses of the cardiac mor-
tality results showed no significant difference between HFrEF
and HFmrEF (RR, 0.89; 95% CI, 0.69–1.15; P = 0.38), but
HFpEF had a significantly higher cardiac mortality rate than
had HFmrEF (RR, 1.09; 95% CI, 1.02–1.16; P = 0.001). The
two pooled analyses detected low levels of heterogeneity
(I2 = 0% and I2 = 46%).

Regarding the non-cardiac mortality results, HFrEF had a
significantly higher rate than had HFmrEF (RR, 1.31; 95% CI,
1.22–1.41; P < 0.001), while there was no significant differ-
ence between HFpEF and HFmrEF (RR, 0.91; 95% CI, 0.75–
1.09; P = 0.3). The analyses showed low and high levels of
heterogeneity (I2 = 46% and I2 = 57%).

All-cause and HF-related hospitalization

As shown in Figure 4, the pooled analyses of all-cause hospi-
talization showed no significant difference between HFrEF
and HFmrEF or between HFpEF and HFmrEF (RR, 0.91; 95%
CI, 0.18–4.59; P = 0.9; and RR, 0.95; 95% CI, 0.84–1.07;
P = 0.38, respectively). Both analyses detected high levels of
heterogeneity (I2 = 100% and I2 = 62%).

Regarding HF-related hospitalization, the pooled analyses
showed also no significant differences between HFrEF and

HFmrEF or between HFpEF and HFmrEF (RR, 0.92; 95% CI,
0.84–1.01; P = 0.08; and RR, 1.05; 95% CI, 0.83–1.33;
P = 0.69, respectively). Both analyses had high levels of het-
erogeneity (I2 = 85% and I2 = 98%).

Discussion

For a decade now, it has been uncertain as to whether
HFmrEF should be considered as a separate clinical entity
of HF and subsequently having different prognosis and
treatment from HFpEF and HFrEF or not; so, in our study,
we measured the mortality rates and hospital re-admission
rates in the different types as a measure of this
difference.

Moher et al.9 and Gomez-Otero et al.12 considered HFmrEF
as part of HFrEF owing to its high prevalence of ischaemic
heart disease and its response to N terminal pro-brain natri-
uretic peptide-guided therapy. On the other hand, Margolis
et al.13 and Coles et al.14 considered HFmrEF as a separate
clinical entity with intermediate features between HFrEF
and HFpEF.13,14

Some studies suggested that HFmrEF represents a transi-
tional status or an overlap zone between HFpEF and HFrEF,
rather than an independent entity of HF, and another study
showed that HFmrEF constitutes intermediate features be-
tween both HFpEF and HFrEF, with more similarities towards
HFpEF than to HFrEF.35

Morbidity and mortality rates proved to be similar in
HFpEF and HFrEF36; however, there are not enough studies
to measure them in HFmrEF. On the other hand, there are
many studies discussing all-cause mortality, HF-related

Figure 1 Flow chart showing the number of included papers after literature search, title/abstract screening, full text screening, data extraction, and
final data analysis.
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mortality, all-cause hospital re-admission, and HF-related
hospital re-admission, so we pooled these outcomes to bet-
ter understand this new entity of HF.2

Our meta-analysis is the largest study meta-analysing the
results of HFmrEF prognosis in the elderly population. Our
study further supports the European Society of Cardiology

Figure 2 Forest plots demonstrating all-cause death in (A) HFrEF and HFmrEF and (B) HFpEF and HFmrEF. HFmrEF, mid-range ejection fraction heart
failure; HFpEF, preserved ejection fraction heart failure; HFrEF, reduced ejection fraction heart failure.
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guidelines by showing a significant difference between
HFmrEF and HFrEF or HFpEF. This further supports the guide-
lines considering HFmrEF as a separate entity. Our meta-
analysis detected a significant difference between HFrEF
and HFmrEF regarding all-cause death and non-cardiac death,
but there was no difference between the two arms regarding
cardiac mortality, all-cause hospitalization, or HF-related hos-
pitalization. On the other hand, we detected a significant

difference between HFpEF and HFmrEF regarding cardiac
mortality, but there was no significant difference between
the two arms regarding all-cause death, non-cardiac mortal-
ity, all-cause hospitalization, or HF-related hospitalization.

These findings further support the statistical evidence
making it a separate entity, but the clinical significance of
HFmrEF separation must be reconsidered as only few of the
outcomes significantly differed between the HF subtypes,

Figure 3 Forest plots demonstrating (A, B) cardiac and (C, D) non-cardiac mortality rates. HFmrEF, mid-range ejection fraction heart failure; HFpEF,
preserved ejection fraction heart failure; HFrEF, reduced ejection fraction heart failure.
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and the measures of those outcomes did not show a high
clinical significance.

Accordingly, we recommend developing other studies
evaluating the cut-off points separating the HF subtypes.
Future studies should consider the transition or the
change of HF status over time as this may affect the
outcomes. This could help prevent data overlap between
the HF subtypes. Also, they should consider other factors

affecting the outcomes such as distinguishing between
acute and chronic HF and the data distribution inside each
arm of HF.

Our study was limited by the marked level of heteroge-
neity across the studies, the different distribution of precip-
itating factors of HF possibly playing as confounders, the
probably misleading values of RRs (which do not consider
the different periods of follow-up), the type of HF (either

Figure 4 Forest plots demonstrating (A, B) all-cause hospitalization and (C, D) HF-related hospitalization. HFmrEF, mid-range ejection fraction heart
failure; HFpEF, preserved ejection fraction heart failure; HFrEF, reduced ejection fraction heart failure.
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acute or chronic), and the similarity in the outcome be-
tween the three HF subtypes, but this may be explained
as the eligible patients in some of the included studies
belonged to the same medical centre and were of the same
race, which raises the suspicion that their similar lifestyle
and co-morbidities are the reason why they have similar
mortality rates rather than being influenced by the subtype
of HF they have. Also, 20 studies were eligible. Not all of
them discussed the four outcomes as primary endpoints,
so the small number of the data points made the outcome
analysis less informative.

Conclusions

In conclusion, significant differences of hospitalization and
mortality were detected between HFmrEF and the other
subtypes of HF, which supports classifying HFmrEF as a
special subtype.
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